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(54) LAYER BUILT LITHIUM SECONDARY BATTERY 




(57)Abstract: 

PURPOSE: To prevent a burst due to decomposing an electrolyte 
and increasing an internal pressure by preventing a large current 
from being continued in the case of not only an external short circuit 
but also an internal short circuit. 

CONSTITUTION: In a layer built lithium secondary battery 
constituted by forming a collector, positive electrode material, 
separator containing an electrode substance or a solid electrolyte and 
a negative electrode material into a plate shape and by laminating 
these members by one set or more, in an electrode surface of at least 
any one collector of the positive/negative electrode collectors 10, 
12, elements 8, 9, having a positive resistance temperature 
coefficient, are overlapped. By a short-circuit, when a large current 
flows in the collectors 10, 12 and PTC elements 8, 9, a temperature 
of the PTC elements 8, 9 rises to suppress the flowing current. 



[Claim(s)] 

[Claim 1] laminating mold RICHIUMUNI which comes to carry out the 1 or more C ^^^Ming^a 
charge collector, positive-electrode material, the separator or solid electrolyte containing the quality of i 
electrode, and the negative-electrode material by turns - the laminating mold lithium secondary battery 
characterized by superimposing at least the component of a positive-electrode charge collector and a 
negative-electrode charge collector which has a forward temperature coefficient of resistance on the 
electrode surface of one of charge collectors in degree cell. 
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* [Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the laminating mold lithium secondary battery produced 
using the thick-film formation approach, and relates to the structure which raised safety [ especially as 
opposed to the short-circuit etc. ]. 
[0002] 

[Description of the Prior Art] Although the conventional cell had the structure where a positive electrode 
and a negative electrode generally confronted each other through the separator which constitutes a separate 
block and contains an electrolyte Like [ in order to attain a light weight, high energy consistency-ization, 
etc. ] the lithium cell indicated in JP,2-297860,A Positive-electrode material, a positive-electrode charge 
collector, positive-electrode material, the separator containing an electrolyte, negative-electrode material, a 
negative-electrode charge collector, The cell element assembly which wound each sheet of negative- 
electrode material around the curled form in piles, and was wound around this curled form is held in the 
case of a cylindrical shape, and there are some which were closed with the cap attached through the gasket 
which constitutes as a negative-electrode terminal and becomes the effective area of a case by resin etc. in a 
positive-electrode terminal and a case inferior surface of tongue about a case top face. 
[0003] 

[Problem(s) to be Solved by the Invention] However, when according to this structure the high current 
flowed by short-circuit etc., cell temperature rose and this temperature exceeded the upper limit of general 
operating temperature limits (-20 degrees C - 60 degrees C), the electrolytic solution decomposed and there 
was risk of a case exploding by internal pressure rise. On the other hand, although the temperature detector 
element was prepared in the exterior of a cell, the external drawer circuit was intercepted or there was also a 
method of preparing a fuse, to the burst by the above-mentioned electrolytic-solution decomposition or the 
above-mentioned internal pressure rise resulting from high current generating by the internal defect, it was 
not able to protect with such a means. 

[0004] this invention - the trouble of the above-mentioned conventional technique - taking an example - 
the exterior - short - seeing - not becoming - the interior - it aims at offering the laminating mold lithium 
secondary battery of structure which prevents continuation of the high current in the case of being short, and 
can prevent the burst by electrolytic-solution decomposition or internal pressure rise. 
[0005] 

[Means for Solving the Problem] laminating mold RICHIUMUNI which comes to carry out the 1 or more 
set laminating of a charge collector, positive-electrode material, the separator or solid electrolyte containing 
the quality of an electrode, and the negative-electrode material by turns in order that this invention may 
attain the above-mentioned purpose - in degree cell, it is characterized by superimposing at least the 
component (a PTC component being called below) of a positive-electrode charge collector and a negative- 
electrode charge collector which has a forward temperature coefficient of resistance on the electrode surface 
of one of charge collectors. 

[0006] Although there are what used the conductive polymer (synthetic resin), and a thing using the 
ceramics in the PTC component used in this invention, what these people indicated in JP,2-140902,A as an 
example as a PTC component using a conductive polymer is used. This is the thing which made the bridge 
formation ghost by the silane compound system cross linking agent of the crystalline synthetic resin as a 
matrix distribute a conductive inorganic bulking agent. As synthetic resin, high density polyethylene, 
polypropylene, nylon, polyacetal, Polyester, such as a polyvinyl chloride, a polyvinylidene chloride, 
polyvinylidene fluoride, polytetrafluoroethylene, and polyethylene terephthalate, etc. is used. As a 
conductive inorganic bulking agent Metal powders, such as non-[ conductive ] oxides, such as carbon black, 
TiC, B4C, Cr3C2, and ZrC, TiB2, ZrN, TiN, or aluminum, and copper, etc. are used. As a silane compound 
system cross linking agent For example, vinylsilane, such as vinyltrimetoxysilane, vinyltriethoxysilane, and 
a vinyl tris (beta-methoxyethoxy) silane, Or mercapto silanes, such as amino silanes, such as epoxy silanes, 
such as beta-(3, 4-epoxycyclohexyl) ethyltrimethoxysilane, and gamma-am inopropyl triethoxysilane, and 
gamma-mercapto propyltrimethoxysilane, etc. are used. In addition, as a PTC component using a conductive 



• polymer, what contained the conductive constituent in the polymer matter which consists of the 1st polymer 
matter of an elastomer, such as polyisoprene, ethylene, and a propylene irregular copolymer, and the 2nd 
polymer of thermoplasticity which becomes for example, with polyolefines can be used as indicated by 
JP,6 1 -3 5223.B. Furthermore, the head-head structure content of polyvinylidene fluoride can use the thing 
using carbon black as a conductive bulking agent etc., using 5% or less of thing as synthetic resin as 
indicated by JP,3-34498,B. 

[0007] Moreover, as a PTC component, it is the BaTi03 system ceramics and the thing in the range whose 
phase transition temperature from a ferroelectric phase to a paraelectric phase is 50 degrees C - 130 degrees 
C may be used. As for the PTC component furthermore used in this invention, it is desirable to have the 
specific resistance of 10 or less ohm-cm in 20 degrees C. 

[0008] Moreover, nickel and aluminum are used as a positive-electrode charge collector, and Cu is used as a 
negative-electrode charge collector. As an active material used for positive-electrode material, moreover 
the alkali-metal oxide of LiCo02 grade, The oxide of other metals of Mn02, or other metals, and a multiple 
oxide with a hydroxide, The banazin san ghost of V205 grade, the chromic-acid ghost of Cr205 grade 
TiS2 and MoS2, the transition-metals JDCARUKOGE night of FeS2 grade, The transition-metals 
TORIKARUKOGE night of NbSe3 grade, a SHUBURERU phase (AxMo6Ch8, A=Li, Cu, Ch=S, Se x=0- 
4), etc. are used. The conductive polymer which dopes Metal Li, Li alloy, or Li, and can be dedoped as an 
active material used for negative-electrode material is used. The thing which the electrolytic solution into 
which a separator is infiltrated made dissolve a solute in a non-aqueous solvent is used. Moreover, as a 
solvent Ethylene carbonate, propylene carbonate, dimethyl sulfoxide, Gamma-butyrolactone, a sul'folane a 
methyl sulfolane, gamma-valerolactone, gamma-OKUTANOIKKU lactone, 1 .2-diethoxy ethane, 1 .2- 
dimethoxyethane, 2-methyl tetrahydrofuran, 1.3-dioxolane, an acetonitrile, propionitrile, diefhylether, a 
TERORA hydronalium furan, 1.2-dibutoxy ethane, etc. are used. As a solute LiC104, LiAsF6 LiPF6 
LiBF4, LiB (C6H5)4, LiCl, LiBr, CH3S02Li, CF2S02Li, and LiCF3S03 grade is used. Moreover, a'solid 
electrolyte can also be used. 
[0009] 

[Function] As mentioned above, since the resistance of a PTC component will become high if a current 
increases by the short-circuit in the cell exterior or the interior and the temperature of a PTC component 
rises above to some extent, since the PTC component was superimposed on the charge collector, as for the 
laminating mold lithium secondary battery of this invention, a current is controlled 
[0010] 

[Example] Drawing of longitudinal section showing one example of the cell according [ drawing 1 ] to this 
invention in the state of the cell element assembly 1 and drawing 2 are drawings of longitudinal section 
showing the cell which incorporated the sheathing object 2 for the cell element assembly 1 of drawing 1 . In 
drawin E 1 > 10 > the positive-electrode charge collector with which 12 superimposed the PTC components 8 
and 9 on the electrode surface at one, respectively and a negative-electrode charge collector, the positive- 
electrode material which superimposed 1 1 and 13 on the charge collector PTC component 8 and 9, 
respectively, negative-electrode material, and 14 are the separators 14 (or solid electrolyte) containing the 
quality of an electrode made to intervene between the positive-electrode material 1 1 and the negative- 
electrode material 13. 

[001 1] This cell element assembly 1 superimposes the PTC component 8 on one side or both sides of the 
positive-electrode charge collector 10 by the sheet method or print processes, as shown in drawing 3 (a) - 
(c). As the positive-electrode material 1 1 is superimposed on one on it and it is shown in drawing 3 (d) - (f) 
on the other hand As the PTC component 9 is superimposed also on one side or both sides of the negative- 
electrode charge collector 12, the negative-electrode material 13 is superimposed on it at one and it is shown 
in drawing , 3 (g) As the separator 14 (or solid electrolyte) containing the quality of an electrode is made to 
intervene between these positive-electrode material 1 1 and the negative-electrode material 13 and it is 
shown in drawing 4 (A), a 1 or more set laminating is carried out, and it becomes, and charge collectors 10 
and 12 have extended in order to connect with the terminals 5 and 6 shown in drawing 2 . These ingredients 
10-14 make rectangle tabular, respectively. 



•[0012] Using aluminum as a positive-electrode charge collector 10, as a PTC component 8, after kneading 
the carbon black 40 weight section and the silane coupling agent 4 weight section in the high-density- 
polyethylene 60 weight section, specifically, this was superimposed on the both sides or one side of the 
sheet using what has the resistance temperature characteristic shown in drawing 5 fabricated in the shape of 
a sheet. And the positive-electrode material 1 1 of the shape of a sheet which joined together with the binder 
which becomes by resin etc., and formed positive active material like LiCo02 etc. on this PTC component 8 
with the electric conduction powder which becomes by graphite was superimposed. Moreover, using Cu 
sheet as a negative-electrode charge collector 12, said PTC component 9 was superimposed on the both 
sides or one side of the sheet, and the negative-electrode material 13 of the shape of a sheet which comes to 
join the graphite as a negative-electrode active material together with a binder on it was superimposed. 
What infiltrated this as an electrolyte at the micropore of the separator 14 made of resin of polypropylene 
using the liquid electrolyte in which LiC104 was dissolved into the solvent with which ethylene carbonate 
(EC) and diethylene carbonate (DEC) were mixed by the weight ratio of 1 to 1 was used. 
[0013] As shown in drawing 4 (A), said materials 8-14 of this example were piled up, as shown in drawing 
4 (B), partial 15a which put the heat shrink nature sheet 15 on this thing that carried out the laminating, and 
the edge of a package and a sheet 15 piled up except for the extension section of charge collectors 10 and 12 
was pasted up or heat welded, the sheet 15 was heated and shrunk from the perimeter, and said materials 8- 
14 were put on one. or [ and / pasting up the edges of the positive-electrode charge collector 10 of two or 
more sheets, and the edges of the negative-electrode charge collector 12 with electroconductive glue, as 
shown in drawing 4 (C) ] -- or it welded (16) and the edge of charge collectors 10 and 12 was cut if needed. 
[0014] Thus, the constituted cell element assembly 1 was put in in the sheathing object body 3, as shown in 
drawing 2 , and it fixed by adhesion or ultrasonic welding with electroconductive glue, respectively for the 
terminals 5 and 6 which show the edge of charge collectors 10 and 12 to drawing 1 and drawing 2 (17). 
Then, it pasted up or welded and the lid 4 was sealed. ■ 
[0015] Thus, since the PTC components 8 and 9 were superimposed on current collectors 10 and 12, when 
short-circuit occurred in the interior or the exterior of a cell, the big current flowed for the PTC components 
8 and 9, the temperature of the PTC components 8 and 9 rose, by this, since electric resistance increased so 
that clearly from drawing 5 , the current was controlled, consequently the temperature rise was also 
controlled, and the burst by decomposition and the internal generation of gas of the electrolytic solution has 
been prevented. What sets reaction area of a positive electrode and a negative electrode to 2 6cm, 
specifically piles up one layer of this at a time, respectively, and does not have said PTC components 8 and 
9, In what does not have the PTC components 8 and 9 when the short current and the interior temperature of 
a cell of 30 seconds after immediately after [ short ] the ability setting the PTC components 8 and 9 to what 
was prepared in the thickness of 100 micrometers are measured The same [ the current just behind short / 
the current of about 5A and 30 seconds after ], the internal temperature of about 5A and 30 seconds after 
became about 120 degrees C, and, on the other hand, in the current of about 5 A and 30 seconds after, the 
internal temperature of about 800mA and 30 seconds after became [ the current just behind short ] about 40 
degrees C in what formed the PTC components 8 and 9. 

[0016] Thus, when abnormalities, such as short-circuit in the dent light produced in cathode when the 
temperature rise depended short can be prevented in the case of charge, are solved, a cell becomes reusable, 
without adding a hand in any way, and does not have trouble like a fuse. In addition, like this example, 
when the cell element assembly 1 and the sheathing object 2 are formed in a rectangular parallelepiped, the 
clearance between the inside of the sheathing object 2 and the cell element assembly 1 can be made small, 
and a useless tooth space can be lessened as compared with the conventional cylindrical shape cell 
[0017] 

[Effect of the Invention] According to this invention, when short [ between output terminals ], also in the 
case [ not only ] of internal short-circuit, a current is dropped, and the autolysis of the electrolytic solution 
can be prevented. Moreover, the burst by electrolytic-solution decomposition or the internal pressure rise by 
generation of heat can be prevented. Moreover, since it can be again used if abnormalities are removed 
unlike a fuse, since it is a self-reset mold, it is easy to deal with it. 



* [Brief Description of the Drawings] 

[Drawing 1] It is drawing of longitudinal section showing one example by this invention in the state of a cell 
element assembly. 

[Drawing 2] It is drawing of longitudinal section showing an example of a cell which comes to hold the cell 
element assembly of drawing 1 in a sheathing object. 

[Drawing 3] It is process drawing until it reaches the laminating of the cell element assembly of this 
example. 

[Drawing 4] It is an example Fig. like the erector after the laminating of the cell element assembly of this 
example. 

[Drawing 5] It is the property Fig. of a PTC component used for the cell element assembly of this example. 
[Description of Notations] 

1 Cell Element Assembly 

2 Sheathing Object 

3 Sheathing Object Body 

4 Lid 

5 Six Terminal 

8 Nine PTC component 

10 Positive-Electrode Charge Collector 

1 1 Positive-Electrode Material 

12 Negative-Electrode Charge Collector 

13 Negative-Electrode Material 

14 Separator 

15 Heat Shrink Nature Sheet 



